Abstract An osteoid osteoma of the dens axis was diagnosed by computed tomography and bone scintigraphy in a 14-year-old girl with a 1.5-year history of pain. No case of an osteoid osteoma of the dens axis has been published in the literature yet. Regarding its clinical and radiological appearance, this osteoid osteoma was essentially similar to osteoid osteomas in other locations, i.e., it had an osteolytic nidus surrounded by sclerosis, associated with nocturnal pain and a positive aspirin test.
Introduction
The osteoid osteoma, first described by Bergstrand in 1930, was defined by Jaffe in 1935 as a primary benign osteoblastic tumor [15] . According to the WHO guidelines, it consists of an osteolytic defect with sharp margins, measuring 0.5-2 cm in size. The nidus is usually less than 1 cm in diameter and, depending on its location, is surrounded by a marginal sclerosis of varying intensity.
Histologically, the nidus consists of an irregular network of osteoid trabeculae with a varying degree of calcification and a highly vascularized stroma rich in cells.
Cortical, cancellous and sub-periosteal osteoid osteomas are classified by the location of the nidus in the bone. The cortical (classical) type is the most common, while the cancellous and sub-periosteal types are less frequent. The intra-articular type is a special one; when located in the femoral neck or the bones of the foot, it may mimic inflammatory processes because of arthralgia or joint effusion.
The incidence of the osteoid osteoma is relatively high. It accounts for approximately 10.8-13.5% of all primary benign bone tumors [5] and approximately 3% of all primary bone tumors [5] . It occurs two to three times more frequently in men than in women [5] .
Predilection rates of about 50% in the second decade and 80% between the age of 5 and 25 years have been registered [5] . The tumor is very uncommon after the age of 40 years or during infancy.
Predilection sites of the osteoid osteoma are the long bones, especially those of the lower extremity. The primary locations are in the femur and tibia, accounting for >50% of all tumors, followed by the bones of the hand and foot, the humerus and the vertebral column.
The purpose of the diagnostic investigation is to detect the nidus. It is important to locate the nidus, if necessary by employing the most modern methods, in order to avoid inappropriate therapy. In addition to scintigraphy, which usually visualizes the richly vascularized nidus as a ''hot spot,'' conventional tomography and angiography used to be important diagnostic methods in the past. Both procedures have receded to the background, being now replaced by modern cross-section imaging procedures such as CT and MRT.
Osteoid osteomas rarely occur in the vertebral column. The spine is only affected in about 10% of the cases, with more than 50% involving the lumbar spine, here again, mainly (90%) the dorsal parts up to the origin of the pedicle; the body of the vertebra is involved in exceptional cases [7, 14, 16, 17, 20] . With regard to the cervical spine, an osteoid osteoma of the third cervical vertebra [21] , the arc of the axis [8] , the second vertebral body [18] , the tranverse process of the axis [2] and the transverse process of the fourth cervical vertebra [19] have been reported in literature.
We present a recently encountered, instructive case of an osteoid osteoma of the dens axis confirmed by computed tomography, MRT, bone scintigraphy and a positive aspirin test.
Case report (G. P. *1988, female, schoolgirl) A 14-year-old girl had a 1.5-year history of neck pain, occasionally with radiating pain to the head combined with tension in the neck and occasional tenderness to touch. The patient reported constant nocturnal pain.
Computed tomography and magnetic resonance tomography studies led the radiologists to make the following differential diagnosis: persistent dens apophysis, possibly close to the base, an old dens fracture or a congenital morphological variant.
At our first investigation, we found a mildly enhanced cervical lordosis and a markedly atrophic, visibly tensed trapezoid muscle strain. Limited extension, limited lateral inclination to the right and a markedly reduced rotation to the left were recorded.
After reviewing the existing CT (Fig. 1) , MRT ( Fig. 2 ) and plain radiographs (Fig. 3) in combination with the patient's medical history and clinical findings, we established the diagnosis of an osteoid osteoma of the dens axis. Subsequently, the patient was subjected to a two-phase bone scintigraphy, which confirmed the suspected diagnosis.
After the diagnosis had been made, the patient was given a pain diary with a visual analog scale. The routinely performed acetylsalicylic test was positive. Based on the above-mentioned gastrointestinal symptoms, and on account of the risky anatomic location of the lesion and the high morbidity associated with it, we decided to implement the following treatment based on the publication of Bottner et al. [3] : the patient was given 200 mg celecoxib orally By applying this conservative therapeutic scheme for 2 years, the patient became free of symptoms and the CT scan performed after this period of time revealed a disappeared sclerosed nidus (Fig. 4) . After this final examination, the antiphlogistic medication was canceled and the patient was free of symptoms at the time of publication.
Discussion
Osteoid osteoma is a rare tumor, accounting for approximately 10% of all benign tumors [5] . The classical cardinal symptom is pain, which reaches a maximum at night. Despite a typical medical history, the diagnosis was delayed in the present case as well. In patients with ambiguous pain, in whom the differential diagnosis includes osteoid osteoma, a computed tomography in combination with a bone scintigram has proved its value for the purpose of morphological identification. The nidus with perifocal marginal sclerosis can be optimally visualized on CT, as well as on MRT following the administration of gadolinium [22] . Bone scintigraphy, which was performed additionally, is a suitable and sensitive screening test. In conjunction with X-ray, it is sufficiently indicative of the diagnosis. In the present case, osteoid osteoma could not be clearly diagnosed on conventional radiographs (Fig. 3) . A non-displaced old dens fracture and a persisting apophysis were included in the differential diagnosis. The definitive diagnosis was made after considering the clinical findings together with imaging procedures such as plain films, CT and bone scintigraphy. The location of an osteoid osteoma in the dens axis, as described here, is rare. However, other similar locations such as the corpus and the lamina of the axis have been described. In all of these cases the lesion was resected by surgery.
Minimal invasive surgery techniques like percutaneous laser or radiofrequency induced ablation [1, 4, 6, [9] [10] [11] [12] [13] have been well documented in literature. At our department, percutaneous CT-guided radiofrequency induced ablation is performed routinely since 1998 with successful results similar to the internationally published papers.
In the present case, surgery was not applied because of the risky anatomic location of the lesion and the high morbidity associated with it. The chosen regimen (''Wait and See'' [23] ) seems to be absolutely successful in this special case, as the patient is pain free and the nidus itself has disappeared at the last followup, 2 years after establishing the diagnosis.
